Current methods used to document preattack planning information involve a tedious process of interpreting low altitude photography followed by extensive ground checking. Maps often include both existing and planned preattack measures, usually resulting in a map so detailed that, upon completion, requires almost total revision. As an alternative to current methods, remote sensing techniques were investigated as a means of improving methods of documenting preattack planning information for fire management. Remote sensing techniques were used to develop a basic preattack plan that included fuel types, road systems, and water sources.
The study site was 25,288 acres (10,234 hal of the Six Rivers National Forest in northwestern California. It was chosen to demonstrate a technique rather than to suggest a preattack plan was absolutely vital. Digital data recorded by the unmanned earth-orbiting Landsat satellite were computer analyzed through unsupervised and guided clustering classification techniques to produce a preattack fuel type map of the area. The two fuel type systems used were based on fuel models from the 1978 National Fire Danger Rating System (NFDRS) and the Northern Forest Fire Laboratory (NFFL) . Both fuel model groups, when used along with environmental variables, such as fuel moisture and slope, and their respective computer software, provide the information necessary to determine rates of spread, fireline intensity, and flame length. Aerial photography and ground truth data were used to support the satellite information. Other preattack characteristics, for example, access routes and water SOurces were delineated through visual interpretation of small-(1:130,000) and medium-scale (1:31,284) colorinfrared (CIR) photography taken from U-2 jet aircraft. The final product was a series of mylar overlays with a 7Y,-minute topographic quad used as a base map. The series consisted of a I. I-acre grid cell map of NFDRS fuel models by appropriate symbol, a l.l-acre grid cell map of NFFL fuel models by appropriate symbol, and a line map of numbered access routes, according to size, and water sources of significantly large volume for suppression uses.
A cluster sampling method evaluated Landsat classification accuracy. Photointerpretation determined the true land cover category. Landsat classification accuracies were moderate, 71 percent, mainly because of incompatibilities found between remote sensing capabilities and the NFDRS and the NFFL fuel model descriptions. The Landsat Multispectral Scanner registers spectral reflectance data and, therefore, only "sees" cover types without any indication of understory conditions. Fuel models, however, describe the understory fuels that will carry the fire. Preattack characteristics of roads and water sources were easily documented from the CIR photography. Various overlay combinations can provide fire dispatchers and fire managers with data that is vital in planning strategies for initial attack, prevention, and fuel treatments. Potentially hazardous areas along roadsides or private lands, for example, can be determined from the overlays.
The use of remote sensing techniques was shown to provide basic preattack planning information that is moderately reliable and easily updated. In future studies, more extensive ground truth should be acquired and incorporated into the system. If available for a study area, digitized slope, aspect, and elevation data should be combined with the Landsat imagery to aid in classification decisions. 2Based on such soil characteristics as texture. structure, permeability of surface and subsurface horizons. and the depth at which a reduction in penneability begins and such environmental variables as percent and configuration of slope, distribution, and form of precipitation,. and percent vegeta· tive cover.
Jlndicates potential for runoff: B-low potential; C-moderate potential. .lBased ontexture. organic matter content, and coarse fragment content of the top 10 inches (25 em) of soil.
Bascd on amount of organic matter. coarse fragments, and texture of the top 4 inches (10 cm) of soil and the type of parent rock.
MATERIALS AND METHODS

Preattack Block Layout
Because preattack maps were not available for the study area, the preattack block was chosen on the basis of these criteria:
o It should be of manageable size-20,000 to 50,000 acres (Dell 1972 The last three criteria were added specifically for this study and do not pertain universally to the selection of all preattack blocks. Topographic maps, relief maps, and Forest Service, U.S. Department of Agriculture, administrative unit boundaries were used in this determination. The four selected timber compartments composing the study area fit these criteria.
Image Interpretation
Color infrared (CIR) photography was selected for interpretation because of the following advantages over blackand-white or true-color film:
When used along with environmental variables such as fuel moisture, slope class, windspeed, the fuel models provide information necessary to determine rates of spread, fireline intensity, and flame length from both the NFDRS and the NFFL or fire behavior system computer software. Both fuel model groups were included in this study to satisfy the planning and operational needs of the Six Rivers National Forest (NFDRS) and the Lower Trinity Ranger"District (NFFL). Two nonvegetative classes-bare soil and wet gravel-were included.
Fuel models of the NFFL system corresponded to those of the NFDRS (see table 2 for a more detailed description):
Access routes and water sources were traced on the same mylar overlays as those that were used to outline the homogeneous fuel areas. Road numbers were found on the Six Rivers National Forest road maps. Any roads not numbered and longer than !lz mile (0.8 km) were given a number and marked with an asterisk.
• Increased haze penetration.
• Greater contrast between vegetation and bare soil.
• Greater total brightness of vegetation (Colwell 1960 ).
• Definite color contrast between water and living vegetation, especially in areas of very shallow water or dense vegetation (Chismon 1977) .
The CIR transparencies, 9 by 18 inches (22.5 by 45 cm) at 1:31,284 scale and 9 by 9 inches (22.5 by 22.5 cm) at 1:130,000 scale, taken on May 8, 1978, by U-2 aircraft were used for two purposes. They were used to locate ground truth plots for training fields in the Landsat computer analysis. Homogeneous fuel areas were outlined on mylar overlays and assigned an NFDRS and an NFFL fuel model. The Forest Service's Wildland Resource Inventory System (WRIS) maps and compartment vegetation maps were used to find additional training areas that were not evident from the CIR photography. Both map systems were updated through aerial photointerpretation and, therefore, could be included in our remote sensing system.
The photography was also used to delineate these preattack characteristics:
• All visible access routes within the study area and the immediate vicinity, according to size-major and minor arteries.
• Water sources of significant volume to be used by water tankers (greater than 250 gal [945~minimum).
Landsat Classification
Fuel model mapping was accomplished through computer analysis of Landsat MSS data. The Earth Resources Technology Satellite (ERTS) Data Interpretation and TENEX (PDP-IO computer operating system) Operation Recorder (EDITOR) computer software system, accessed through the National Aeronautics and Space Administration's (NASA) Ames Research Center, was used for this analysis.
An April 12, 1977, Landsat scene 28I1-17593 was chosen because of its accessibility and data quality. The scene was preprocessed to correct inherent geometric errors in the Landsat digital data. This preprocessing included geometric and radiometric correction, mosaicking, resampling, and formatting (Mayer 1979) . Units of resolution on Landsat imagery are called pixels or picture elements. A pixel is equal to approximately 187 by 259 ft (57 by 79 m) on the ground. A total block of 81,171 pixels was chosen for classification, which included the study area and the immediate vicinity. The additional area was included to add to classification accuracy by providing a larger database.
Field Data Collection
Recorded ground truth information consisted of percent vegetation cover by species, topographic characteristics, and soil parameters. The vegetation information was used to pick the appropriate fuel model described by Albini (1976) for the NFFL fuel models and by Deeming and others (1977) for the NFDRS models. The fuel models were then designated on the data collection sheet and on the mylar overlays. A minimum of 100 acres total for Landsat ground truth plots were identified for each fuel model. Because acquiring ground truth data is the most expensive and timeconsuming step in Landsat classification (Poulton and Welch 1979) , the lowest possible number of ground plots were sampled to adequately represent each category and achieve this minimum acreage. Plots were chosen near each other whenever possible, but a representative sample of the entire area was attempted. Plot locations were selected that encompassed variations in slope, aspect, and topographic position. The MSS records spectral reflectance data in four bands of the electromagnetic spectrum. These bands consist of two visible bands (band 4, 0.5-0.6 I'm, green and band 5, 0.6-0.7 I'm, red) and two near infrared bands (band 6, 0.7-0.8 I'm and band 7, 0.8-1.1 I'm). Unsupervised and guided clustering! classification techniques were used for the computer analysis (Fleming and others 1975) . The spectral correlation between an object on the ground and its signature (that is, a characteristic or series of characteristics by which a material may be recognized) is established before pixel classification in guided clustering, and after classification in unsupervised techniques (jig. 4) .
Description
Short grass
Field data and image interpretation provided 59 training areas that were digitized to provide raw data for the guided clustering classification. Pixels from ground truth areas of the same resource type were grouped together for analysis. Spectral variations within each group were displayed through single band histograms. Visual interpretation of the histogram shapes (that is, nodes indicating a different class) suggested the probable number of spectral classes within each category.
The computer then clustered pixels into the specified number of classes on the basis of a Swain-Fu minimum distance clustering algorithm (Swain 1973) . A minimum spectral distance of 0.45 was chosen as a decision rule. This was based on a theoretical analysis which showed that this minimum distance resulted in a 95 percent probability of correct classification (Fox and Mayer 1979) . The separability of all spectral classes was displayed in a matrix with distance values less than the chosen minimum of 0.45 specifically marked. Means and variances for each class were displayed in all four bands. As a result of this information, three modes of action were taken to arrive at a file of distinct classes:
• Classes that were spectrally unique (that is, with no spectral distance value less than 0.45) were retained. • All pairs of classes that were spectrally similar (that is, with spectral distance values less than 0.45) were pooled. This low separability indicated that the pair represented the same class. • Classes that were spectrally similar with two or more classes were deleted. This indicated an ill-defined class that probably would be reassigned to the proper class after pooling had been completed.
The unsupervised technique uses the spectral properties of each pixel to deterntine whether it is spectrally similar to any other pixel. It was estimated that 35 classes were sufficient to defme all possible categories.
The spectral classes resulting from both the guided clustering and the unsupervised classification were joined lThis clustering refers to the act of grouping pixels on the basis of spectral characteristics rather than on the Ioeational proximity definition used in the Landsat Evaluation Section. and edited, resulting in a final set of classes. This was done by the same three procedural modes as previously defined for the supervised method.
Spectral curves were generated for each class by plotting their respective means in all four bands. Classes were aggregated on the basis of the general shape of the curves with special consideration given to the slope between the green (band 4) and the red (band 5) parts of'the spectrum (4/5 slope). This slope was found to be the most significant factor in determining the resource identity (Mayer and Fox 1981) . The 7/5 ratio (that is, two times the mean cluster value in the IR band [band 7] divided by the mean cluster value in the red band [band 5]) was also calculated to help in aggregation. This value is an indicator of general vegetation condition and can be used to establish the spectral line that distinguishes soil from vegetation (Benson and Beck 1979) . A two-band graph was also produced to detect any obvious errors in classification not readily visible in the other two methods.
A I:24,OOO-scale computer printout of the final grouped categories was generated with the appropriate symbols for both fuel model groups. Resource labels were assigned to the aggregated spectral classes based on ground truth data and photointerpretation.
Landsat Evaluation
A cluster sampling method was used to evaluate Landsat classification accuracy. The classified Landsat scene was divided into 8-by 8-pixel clusters. With a grid system, 30 clusters were selected at random and without replacement throughout the classified scene (jig. 5). It was assumed that Landsat's accuracy, evaluated on these 30 primary sampling units (PSU's), was an unbiased estimate of its accuracy throughout the entire classified scene. A matching 8-by 8-pixel cluster grid was drawn on clear acetate at the CIR photography scale (1:31,284). Each cluster was locally fit to the photograph to compensate for relief displacement, which is a shift in position of the optical image of an object caused by the depth of the object below a datum plane. Photointerpretation was used to determine the true land cover category. Because of limitations of time and accessibility of cluster samples on the ground, the acquisition of ground truth data was not possible during the evaluation.
Errors of omission (that is, omitting a pixel from its correct category) and commission (that is, committing a pixel to an incorrect category) and point estimates of the mean probability of correct classification were calculated.
Probabilities of correct pixel classification, considering errors of omission, were determined by the binomial ratio method described by Cochran (1977) . A simple binomial approximation for proportions is not valid because of the cluster sampling method used. V.. A finite population correction factor (I-I) was ignored because the sampling fraction (2 percent) was well below the ntinimum of 5 percent specified by Cochran (1977) . Subsequently, standard deviations and confidence intervals at the 95 percent level were calculated considering ontis, sion errors. For each identified category, confidence intervals were calculated based on an approximation to a true binontial confidence interval (Snedecor'and Cochran 1967) .
'!jJ m. 
Mylar Overlay Generation
The base map for the overlays was a 7Y2-minute topographic quad (jig. 6). Preattack features were transferred from the photography mylar to the large mylar overlays by a Map-O-Graph and Stereo Zoom Transferscope. 2 Relief displacement was significant enough to require the use of a local fit on steep slopes. Roads and ponds found on both the photo and the topographic map were used to adjust the location of the preattack features.
After compleling the Landsat classification, fuel model symbols were printed on mylar overlays at a scale of 1:24,000. Separate overlays were printed for both the NFDRS and the NFFL fuel models. The averaged spectral curves corresponded to the final 10 categories (jig. 10). Three general land surface features significantly affect the reflected energy measured by the MSS: vegetation cover (for example, species, condition, density), nonvegetated land cover (for example, sand bars, rock 'outcrops), and topography (for example, slope and clustering spectral classes. The 41 classes were grouped into a final list of eight fuel models and two land categories (jig. 7).
Percentages of pixels varied from 0.06 for agriculture to 47.64 for healthy short-needle conifer stands (table 3). The area value assigned a pixel was 1.1 acres (0.45 hal, although the actual value may have varied by 2 to 4 percent (Benson and Katibah 1978) . This is because 'of the mean ground elevation of the area, the fluctuation of attitude, pitch, and roll of the spacecraft, or both. The final Landsat classifications are shown for the NFDRS fuel models (jig. If .,
Merging and editing of the spectral classes from the guided clustering (39) and the unsupervised (35) classifications resulted in a final statistics me of 41 distinct classes. The classes resulting from guided clustering were based on previously pooled training fields that had fuel model names associated with them. A running list of resource type names was kept all through the pooling and merging sequences of the guided clustering.
A certain amount of heterogeneity was expected in all "homogeneous" training fields. Spectral curve values for each class, therefore, were reevaluated to determine whether a different category label was necessary. A two-band graph compared band 6 and band 5 digital values (jig. 7). This combination was chosen because it spread out the data enough to be useful in class aggregation. In some instances, groups of 10 to 20 pixels of a certain class were located on the erR photos to aid in fuel model labeling. These same methods were used to define the additional five classes that resulted from pooling the unsupervised with the guided
Landsat Classification
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5 6 7 Speclral band aspect) (Joyce 1978) . The curves for bare soil and wet gravel are distinctly different from all the vegetation classes. The band 7 value for bare soil was abnormally low, which could indicate wet bare soil because water absorbs electromagnetic energy in the middle infrared (lR) range (Hoffer 1976 ). This possibility was substantiated by vicinity precipitation records, which indicate that 0.23 inch (0.58 em) of rain fell within the 4 days before the Landsat imagery data were taken (National Oceanic and Atmospheric Administration 1977) . Accompanying maximum temperatures between 58°a nd 75°F (14°and 24°C) indicate that the soil could have still been wet on the date the imagery was taken. The vegetation curves were much more separable in the IR range (bands 6 and 7) than in the visible range (bands 4 and 5) where much overlapping was observed. The decadent shortneedle conifer category was separated from all other fuel types in all bands. 
Landsat Accuracy
The mean 4/5 slope and the mean 7/5 ratio were derived from grouping the spectral curves for all 41 classes: .
Negative 415 slopes were observed for open conifers, hardwoods, decadent conifers, healthy conifers, and agriculture. Positive values corresponded to grass, both shrub categories, wet gravel, and bare soil. Within the electromagnetic spectrum, a high red reflectance (band 5) means an absence or a small amount of healthy vegetation because leaves~th chlorophyll absorb energy in that band. Soil and forest litter increase the red reflectance and when coupled with a low band 4 value result in a positive 415 slope. Among all categories, the minimum difference between mean 4/5 slopes was 0.12, corresponding to the difference between hardwoods and open conifer stands. The relative positions of the categories in all four bands, rather than only the slopes between bands, need to be considered when trying to achieve separation of categories.
The mean 715 ratios for grass and decadent conifer stands were the closest with a difference of 0.045. A threshold 7/5 ratio value of 1.09 was given by Benson and Beck (1979) as the spectral line that separates vegetation from soil. Both wet gravel (0.88 value) and bare soil (0.83 value) fell substantially below this line. The next closest value was for young shrubs (1.4), which could have bare soil associated with it. Relative rankings of the cover types were consistent with Benson and Beck's (1979) rankings for the 7/5 ratios (that is, in increasing order: barren, grass, shrubs, conifers, hardwoods, agriculture).
The cluster sampling technique resulted in the evaluation of 1920 pixels. A minimum of 50 pixels to be collected for each Landsat-classified category that is being evaluated for accuracy estimates has been suggested (Hay 1979) . The decadent conifer category pixel total (45) fell below this minimum, but was retained in the evaluation. This category accounts for only 6 percent of the population but is considered a significant category in presuppression planning. Insufficient number8 of pixels were available to evaluate agriculture (0), bare soil (2), and wet gravel (25) and, r~- , therefore, these categories were not included in any accuracy calculations. Their areas were also small in overall size-each was estimated to be less than I percent of the total area-and are of little consequence to fIre managers, except when used as fIre suppression control lines. A confusion matrix compares pixel identifIcation as reported by ground truth and Landsat and shows where errors in classifIcation were made (table 4). All 1920 pixels were evaluated by Landsat and by ground truth, with dissimilarity (that Is, values off the diagonal) indicating an error. The confusion matrix data are summarized and evaluated to determine errors of omission (table 5) and commission (table 6). For errors of omission, probabilities of These data, in part, determine the feasibility of using remote sensing techniques to document preattack parameters. One study suggested 85 to 90 percent as the permissible accuracy range in image interpretation of remote sensor data for levels I and II of land-use studies (Anderson and others 1972) . This analysis was a combination of classifIcation levels II and III. The use of NFDRS and NFFL fuel models to describe the vegetation could explain a major portion of these low accuracy values. Fuel models were initially constructed to organize fuels data for input into Rothermel's mathematical fIre spread model (Rothermel 1972) . The underlying idea in their formulation was that certain fuel characteristics (for example, fuel loadings, surface-area-to-volume ratios, heat values, fuel bed compactness) are inherent and, once defIned, do not need to be remeasured. To comply with the Rothermel model constraints, the fuel array was assumed to be continuous and contiguous to the ground. Variations of environmental factors, such as fuel moisture, slope, and windspeed, account for ranges of fIre behavior-rates of spread, f!feline intensity, and flame length-for fIres occurring in each fuel model.
The NFDRS was designed to provide information for regional presuppression planning at a scale of 1000 to tens of thousands of acres. One or two fuel models, out of a choice of 20, were assigned to an area based on the typical most severe fuel situation within each protection unit. This decision is not based solely on cover types but on how much fuel, by classes, is present and how it is arranged (Gaylor 1974) .
The NFFL or fIre behavior system has operational fIre behavior estimation as its goal. Its overall design is more site-specifIc than that of the NFDRS. A total of 13 NFFL fuel models are available. They emphasize the fine fuels that carry the fire, and large fuel components are subsequently left out of the fIre behavior fuel models. It should be possible, with increased fire behavior experience, to select the appropriate fuel model not only by its description of the physical vegetation but also by the known fIre behavior characteristics of the fuel components that would carry the fIre. In nonuniform fuel arrays, two NFFL fuel models can be applied, one to represent the most continuous cover over the area and the second to represent the accumulation of fuels that will burn differently from the first (Rothermel 1982) .
The Landsat MSS registers spectral reflectance data in four bands of the electromagnetic spectrum. Therefore, it only "sees" cover types and is not capable of discerning understory conditions unless implications can be made from the overstory about the underlying vegetation or fuel conditions. The same is true for aerial photointerpretation. Unless openings in the canopy are found, conclusions cannot validly be made about other fuel layers besides the uppermost one. Landsat also averages the spectral response for each 1. I-acre pixel. Within a forest, much variation can be observed within an area of 1.1 acres.
These capability factors result in an incompatibility between the fuel model descriptions and the interpretation of "on-the-ground" conditions. Most fuel models will apply to more than one situation and "best fIts" and "can also be used for" descriptions are valid (Albini 1976) . For example, NFFL fuel model 2, labeled "Timber (Grass and Understory)" best fIts open pine-grassy understory, wiregrassscrub oak association but can also be used for timber-16 sagebrush-grass associations. Three distinct fuel types are possible in this fuel model-timber, grass, and brush. The description of fuel model 2's NFDRS counterpart (q indicated that some shrubs may be present, but are of little consequence (Deeming and others 1977) . When averaging the spectral responses for each pixel, the inclusion of some shrubs could result in a different fuel model being chosen. This could partially explain the calling of 18 (19 percent) open conifer stand pixels, shrub pixels.
Confusion was also found between decadent conifer and healthy conifer stands. Twenty-four percent of the decadent conifer pixels were misciassifIed as healthy conifer pixels. Because photointerpretation was the sole source for acquiring ground truth data, only obvious signs of unhealthy conifer stands were discernible (for example, dead trees). The primary factor that differentiated decadent from healthy conifer stands is the amount of ground fuels and understory, both of which are indistinguishable from above a closed canopy.
Hardwoods were confused with healthy conifers 25 percent of the time. On simulated CIR Landsat composites where hardwoods and conifers are mixed in stands, Earth Information Services (1975) found the hardwood color predominated and the stand was usually classifIed as hardwood. Fuel model R (NFDRS) allows for the presence of 50 percent or less of conlfers within a stand. Fuel model 9 (NFFLS) also includes in its description mixed hardwoodconifer stands after leaf fall. Amounts for the maximum level of conifers were not indicated.
The two shrub fuel models are separated within the NFDRS by age, height, and area covered. Age eQuId not be determined with available data. Shrub height determinations of greater than or less than 6 ft (1.83 m) were deemed too difficult with the scale of the photos and the cover conditions encountered. Shrub categories, therefore, were chosen during photointerpretation solely on the basis of the amount of area covered. Forty (13 percent) pixels were committed to the young shrub category (that is, shrubs covering less than two-thirds of the site) that Landsat saw as dense shrubs and 20 (15 percent) dense shrub pixels that Landsat called young shrubs. Locally fItting the cluster samples during photointerpretation could be a major factor in misclassifying young and dense shrub pixels. On the 1:31,284 CIR photography, each I.I-acre pixel corresponds to a rectangle 0.099 by 0.070 inch (0.25 by 0.175 em). A minor locational error could result in a different fuel model. In defmite boundary areas (for example, clearcuts), the location of each PSU was deemed relatively accurate. In areas where no definite vegetation change was visible, location was more difficult.
Shrub types, when occupying two-thirds of the site or reaching 6 ft in height, can be spectrally similar to hardwoods. This may account for 13.5 percent of the dense shrub pixels misciassifIed by Landsat as hardwoods or the 10.5 percent of hardwoods misciassifIed as dense shrubs. When evaluating the NFDRS shrub fuel model (F), 28 percent of the shrub pixels were classifIed as woodland (Benson and Beck 1979) . Woodland was not specifically described in the text, but it was assumed to be a hardwood or hardwood-conifer category.
Locational error could again have been a reason for the sizable misclassification of healthy conifer stands as open conifer stands (39 percent).
Timeliness in acquiring ground truth for the training plots may also account for some of the misclassifications. Landsat imagery was taken in 1977 and the CrR photos were taken in 1978. Ground truth was acquired between March and May 1980. From 2 to 3 years were found to be the maximum useful timespan in a Landsat-based forest inventory (Peterson and Card 1978) . Originally, this study was going to include the three slash fuel models, but it was not possible to evaluate what was on the ground in clearcuts 3 years ago. Areas of heavy slash are usually cleared, burned, or both, soon after harvesting, before an additional fuel hazard develops. The Ranger Station's fuel inventory figures were calculated from an averaging of plots throughout the clearcuts. Checking each 1.I acre (0.45 hal against an averaged value would defmitely have resulted in invalid percent correct figures. These training plots were instead called either young or dense shrubs because shrubs were found to appear quickly after clearcutting or burning.
Another problem associated with using the Landsat imagery chosen was that 1977 was the second year of California's 2-year drought. Vegetation and other ground conditions, therefore, would appear abnormal in that year (Benson and Katibah 1978) .
Photointerpretation
Photointerpretation of the CrR photos resulted in 71 roads for the entire study area, with 6 designated as major arteries and 65 designated as minor (fig. 11) . Twelve of these were not located or identified on Forest Service road maps. The conditions of previously undocumented roads (for example, passability) and their exact locations would need to be ground checked before they were incorporated into a dispatching plan.
A significant advantage of using aerial photos for documenting purposes is that the method does not respect property lines, and private roads are also registered. Use of private roads could improve the accessibility of vital areas to suppression forces.
Fifteen water sources were located on the photos. The smallest was about Y2 acre (0.2 hal. The average \!.i-acre (0.1 hal pond with a 7-ft (2.13 m) maximum depth represents about 0.18 acre ft (220.23 m 3 ) or 57,000 gallons (215,460 l) of water (Marcot 1978) .
CONCLUSIONS
Remote sensing techniques can provide an abundance of information snitable for use in a preattack plan. Although Landsat's overall accuracy level was 71 percent, the bulk of the inaccuracies are attributed to incompatibilities found between fuel model descriptions and remote sensing capabilities. Each NFDRS and NFFL fuel model can represent more than one vegetation type, whereas Landsat registers the existing vegetation for each 1.I acres (0.45 hal. For preattack purposes, however, the moderate accuracies found are an improvement over the present method of assigning one fuel model to !OOO-plus acres.
For preattack planning maps, however, Landsat's resolution might be considered too precise. The systematic grouping of pixels could be an alternative which would smooth the data to a lower resolution. This could either be done visually by a fire manager or by a computer-assisted pixel clustering technique (for example, one that compares each pixel to the eight surrounding it and then assigns it to the category that appears most often).
Clearcuts are well defined on the Landsat fuel map, and this knowledge alone can be useful in suppression planning. The slash and shrubs associated with clearcuts often correspond to high resistance to control and high intensities that require specific suppression tactics.
Real-time fire planning also necessitates a more detailed and up-to-date fuel map than is presentIy available to the Forest Service. Once this system is operational, updates could be incorporated regularly into the existing preattack plan at minimal cost.
To be useful, preattack plans need to be attained quickly and updated easily. One so detailed that, upon completion, requires almost total revision, defeats its intended purpose.
Considering only topographic features, some indication of rates of spread, pattern of burn, and potential for a change in fire behavior is evident. When topographic features are coupled with a fuel type map, even accuracies of 60 percent will aid in the decisionmaking process. This degree of accuracy may result in over-or underestimating fire conditions, but even a limited preattack plan is better than none (Dell 1972) . The addition of the road and water system can provide a base from which future planning needs could be directed. Potentially hazardous areas along roadsides or on private lands, for example, could be determined from the overlays. All water sources could be inventoried for future suppression use. As was shown by the soil parameter figure (fig. 3) , the use of an overlay system makes possible the addition of other information that -is also significant in planning.
The techniques used in this study provide a basic preattack plan that is moderately reliable and easily updated. Future studies should direct their efforts toward coordinating Landsat imagery, aerial photography, and ground truth at approximately the same time. More extensive ground truth should be acquired and incorporated into the system. If available for a study area, digitized slope, aspect, ana elevation data should be combined with the Lanasat unagery to aia in classification decisions. All future studies should also include cost analysis as part of their design. ..
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